Introduction: In Andean countries, specifically in Ecuador, a food transition in the population has been observed because of economic growth. The Working Group for Preanalytical Phase in Latin America (WG-PRE-LATAM) of the Latin America Confederation of Clinical Biochemistry (COLABIOCLI) was established in 2017, and its main purpose is to study preanalytical variability and establish guidelines for preanalytical procedures in order to be implemented by clinical laboratories and healthcare professionals in Latin America. The aim of this study on behalf of COLABIOCLI WG-PRE-LATAM was to evaluate whether an Andean breakfast can interfere with routine biochemistry and immunochemistry laboratory tests.
Introduction
The Andean countries are a group of South American nations that geographically comprise Venezuela, Colombia, Ecuador, Peru, Bolivia, northern Argentina and Chile. Agricultural production and
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livestock farming are the basis of the usual diet in these different countries. Nevertheless, improvement of the means of transport, transculturation due to the movements of the inhabitants, expanded distribution of agricultural products, food, and globalization, have contributed to generating a multicultural Andean diet.
Ecuador has a total area of 283,561 km 2 (land + Galapagos Islands). Population is more than 16 million, with the majority living in the central provinces, in the Andes, and near the Pacific ocean coast (1) . Economic growth has been the main cause of changes in the Latin American population dietary habits (2) . Moreover, patients from Latin America have a particularly lifestyle that could promote changes in hormone levels, such as food intake, the ingestion of local tea infusions, sport practices, and also the altitude. The Andean breakfast in Ecuador include the Bolones, a fried green plantain dumplings typically stuffed with cheese or with chicharrones; briefly, chicharrones in Mexico and Central America are fried pork rinds, whereas, in Ecuador, these are actually chunks of deep fried fatty pork meat.
All the procedures preceding laboratory testingthe preanalytical phase -are responsible for the main source of laboratory variability (3, 4) . Fasting time for the majority of blood tests should be 12 h, whereas for lipid profile alone there is an exception based on European consensus (5, 6) . Presently, incorrect fasting status can be a source of errors that can jeopardize patient safety (7) (8) (9) . The Latin American Working Group for Preanalytical Phase (WG-PRE-LATAM) of the Latin America Confederation of Clinical Biochemistry (COLABIOCLI), established in 2017, has the primary goal of studying preanalytical variability and establishing guidelines for preanalytical procedures to be applied by clinical laboratories and healthcare professionals in Latin America. This study on behalf of COLABIO-CLI WG-PRE-LATAM was aimed at evaluating whether an Andean breakfast can interfere with routine biochemistry and immunochemistry laboratory tests done in either serum or plasma samples from the same individuals.
Materials and Methods

Study design
A total of 20 healthy volunteers (12 women and 8 men; average age was 32 (21-52) years) were selected from the personnel of the University of Guayaquil (Ecuador) and included in the study. Informed consent was obtained from all study subjects according to the 2013 Declaration of Helsinki and the protocol was approved by the Ethics Committee.
After a 12 hour overnight fast, the first blood sample was collected between 8:00 and 8:30 a.m. Then, immediately after the first venous blood collection, the subjects ate the Andean breakfast, containing standardized amounts of carbohydrates, protein, and lipids. Table 1 shows the exact composition of the Andean breakfast. Subsequent venous blood samples were performed at 1, 2, and 4 hours after breakfast.
According to the international EFLM-COLABIOCLI recommendations, all venous blood sampling procedures were carried out by a single phlebotomist (7). In order to eliminate possible blood distribution interferences, all volunteers were kept in an upright sitting position for 15 min (10) . Then, a vein was located on the forearm, however, in order to prevent venous stasis interference from the use of the tournique, and thus, avoid clench, a subcutaneous tissue transilluminator device (Venoscópio IV plus; Duan do Brasil, Brazil) was used (11, 12) . All blood samples were collected directly into one 3.5 mL evacuated tube containing gel separator and clot activator for serum samples, and into one 3.0 mL evacuated tube containing lithium heparin and gel separator for plasma samples (Vacumed®, FL Medical, Torreglia, Italy) using a 20 gauge needle in a closed evacuated system (FL Medical, Torreglia, Italy). To eliminate any possible interference due to either the contact phase or tissue factor, approximately 2 mL of blood were preliminarily collected in a discard tube without additive. The blood collection procedure was appropriately standardized in each phase, as already reported, particularly, in regard to sample processing, centrifugation and serum/plasma separation (13) . The instruments were calibrated against appropriate proprietary reference standard materials and verified with independent third-party control materials from calibrator materials (Lyphochek ® Level 1 for routine biochemistry tests and Lyphochek Immunoassay Plus Control ® , Level 1 for immunochemistry assays, Bio-Rad, California, USA), as recommended (14) . The evaluation of the within-run precision by the internal quality control of the instruments used in this study, showed low coefficients of variation (Table 2) .
Statistical analysis
For assessing statistical difference between samples, the Wilcoxon ranked-pairs test was used in agreement with Simundic's recommendations regarding sample size (i.e. less than 30), with a licensed statistical software (GraphPad Prism® version 5.01, La Jolla, CA, USA) (15). The level of statistical significance was set at P < 0.05. Mean % differences were determined according to the formula: mean % difference = [(× h after breakfast − basal) / × h after breakfast] × 100%.
Finally, the mean % differences from blood samples at 1, 2 and 4 hours after breakfast, were compared with the desirable specification for imprecision (DSI) derived from biologic variation (16) . DSI was used as our criterion of acceptance in lipemia analytical interference testing, then interferograms were provided for each laboratory parameter with significant difference between basal and x h after Andean breakfast.
Results
The results of the routine biochemistry laboratory tests are presented as median (interquartile range) in Table 3 . Among all the results, statistical significant differences between basal and x h after the Andean breakfast were observed for the following parameters: triglycerides (TG), insulin (Ins), cortisol, thyroid stimulating hormone (TSH), free thyroxine (FT4), total protein (TP), albumin (Alb), urea, creatinine (CREA), lactate dehydrogenase (LD), alkaline phosphatase (ALP), amylase (AMY), lipase (LIP), total bilirubin (TBIL), direct bilirubin (DBIL), iron (Fe), calcium (Ca), phosphate (Phos), magnesium (Mg), and uric acid (UA) ( Figure  1 ). In regards to serum vs. plasma (Table 3) , both specimen types showed differences mainly related to the same tests, except for UA at 2 h (signifi- GGT -gamma glutamyl transferase. LD -lactate dehydrogenase. LIP -lipase. CK -creatine kinase. TBIL -total bilirubin. DBIL -direct bilirubin. Phos -phosphate. Cacalcium. Mg -magnesium. Fe -iron. Na -sodium. K -potassium. Cl -chloride. TSH -thyroid stimulating hormone. FT4 -free thyroxin. Ins -insulin. 
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Discussion
Our results mirror the metabolic course of TG, Ins and cortisol in the postprandial period ( Figure  1A , 1B, and 1C), in accordance with previous findings that evidence the importance of the enteroendocrine system in nutrient sensing and assimilation (17) . Moreover, according to Page et al., "following a meal, the gastrointestinal hormones act in concert to regulate appetite, food intake, gastric acid secretion, gastrointestinal motility, and glucose homeostasis" (17) . Each of the more than 20 known gastrointestinal hormones were initially thought to be produced by specific enteroendocrine cells, but it is now understood that these cells are flexible and express a range of peptide precursors (18) . Moreover, since physicians presently request laboratory thyroid evaluation, avoiding fasting time, a comment is needed: our results ( Figure 1D and 1E) showed a significant decrease of both TSH, and FT4 1h after breakfast and no return to baseline in the following 4 hours after food intake. The induced elevation of circulating somatostatin in the postprandial period and the consequent suppression of TSH could explain these results (19) . This is in accordance with independent researchers that showed similar results by using different analytical methods for TSH and FT4 assays (19, 20) . Therefore, patients should be in a fasting condition to avoid both unclear thyroid laboratory results, and a misdiagnosis of hypothyroidism.
The Andean breakfast statistically modified both TP and Alb concentrations ( Figure 1F and 1G) . These results are in agreement with other studies, which showed that feeding stimulates Alb and other protein syntheses, since this event might improve the storage of essential amino acids (21) (22) (23) (24) . Moreover, Lima-Oliveira et al., have shown a similar result for Alb after a light Italian meal, without significant changes in total protein (13) . However, the Andean breakfast is richer in proteins than the light Italian meal -24.9 g vs. 14.6 g -and this could explain the differences that were shown. Furthermore, the higher protein content of the Andean breakfast can also explain the urea and CREA results ( Figure 1H and 1I) . Thus, the outcome of such laboratory tests on non-fasting patients can inter-
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fere with the validity of the results and possibly, jeopardize patient safety.
Regarding enzymes, either transaminases (AST, ALT), gamma-glutamyl transferase or creatine kinase, did not show statistically relevant changes after the Andean breakfast (Table 3) ; LD and ALP showed statistical relevant changes after the Andean breakfast with variability in conformity with DSI (Table 3 , Figure 1J and 1K). However, a significant increase in AMY and LIP activities was shown ( Figure 1L and 1M) . Boivin et al., had experimentally demonstrated that the activity of pancreatic enzymes are influenced by diet type (25) . This can explain why our results differ from Lima-Oliveira et al., who did not evidence changes for either AMY or LIP in the Italian study with a light meal (13) .
The significant decrease observed for bilirubin ( Figure 1N and 1O) is in agreement with Meyer et al. (26) . Iron fluctuations caused by intra-day variability and by the diet are thought to influence test results, and may affect clinical patient management (27) . Moreover, the measurement of electrolytes is frequently requested and tested on patients avoiding fasting time. Our results showed a significant decrease of Fe concentration at 2h and 4h following the Andean breakfast ( Figure 1P ), whereas Ca, Phos and Mg significantly increased after food intake ( Figure 1Q, 1R and 1S ). Therefore, fasting should be required for evaluating bilirubin, iron, calcium, phosphate, and magnesium.
Differences demonstrated between serum and plasma are in agreement with the recent critical review published by Lima-Oliveira et al.: i) the concentration of proteins was higher in serum than in plasma; ii) differences between serum and plasma were observed for some enzymes tested; and iii) Ca, Phos and Mg were higher in serum than in plasma, since heparin can bind these ions ( Figure  1 ) (28).
In conclusion, an Andean breakfast can affect routine biochemistry and immunochemistry laboratory tests and might jeopardize patient safety. Therefore, COLABIOCLI WG-PRE-LATAM calls attention and highlights that the fasting time needs to be carefully considered when performing tests, in order to prevent spurious results and reduce laboratory errors. Laboratory quality managers are encouraged to standardize the fasting requirements in their laboratory (i.e., 12h) using the evidence reported above.
